There have been several investigations on the amino acid nutrition of Streptomyces. Early work on this subject by Waksman (1920) showed that certain single amino acids satisfied the nitrogen requirements of representative species of the genus Streptomyces. Considerable specificity in the ability to deaminate amino acids is exhibited by Streptomyces, as Woodruff and Foster (1943) have shown with Streptomyces lavendulae, while Gottlieb and Ciferri (1956) showed that the only amino acids deaminated by Streptomyces venezuelae were those capable of supporting growth when supplied as the sole source of nitrogen. There have been relatively few studies on the use of amino acids as carbon sources by Streptomyces. Waksman and Lomanitz (1925) showed that glutamic acid and alanine as sole carbon sources supported good growth of Streptomyces viridochromogenes, whereas glycine and asparagine were poor carbon sources, but supported good growth in the presence of glucose. Nickerson and Mohan (1953a, 1953b) showed that certain amino acids were utilized by Streptomyces fradiae as sole carbon and nitrogen sources; included in this group were glutamic acid, proline, and arginine. Other amino acids, such as aspartic acid, leucine, isoleucine, methionine, phenylalanine, and threonine, could not serve as carbon sources. It has been the object of the present investigation to extend these findings, and to elucidate the enzymatic basis of the specificity exhibited by this organism toward amino acids as carbon sources.
MATERIALS AND METHODS
Organism and culture media. The organism employed was strain 3535 of Streptomyces fradiae from the collection in the Institute of Microbiology. The organism was carried on potato agar slants; inoculation of test media was made by washing spores from the surface of the agar with sterile distilled water and transferring 0.1 ml of the spore suspension to the test media.
The basal medium (A) employed for growth studies had the following composition: K2HPO4, 1.5 g; MgSO4 . 7H20, 0.025 g; CaCl2 -2H20, 0.025 g; FeSO4 7H20, 0.015 g; ZnSO4.7H20, 0.005 g; and distilled water to make 1000 ml. This medium was distributed in 100 ml amounts to 250-ml Erlenmeyer flasks and was sterilized by autoclaving at 120 C for 20 min. All additions to this basal medium were neutralized if acidic or basic, sterilized separately, and added aseptically. After inoculation, the cultures were incubated at 28 C on a rotary shaker which was set at 250 rpm.
Measurement of growth. Mycelial dry weights were determined by filtering the cultures through Whatman no. 2 filter paper which had been previously dried at 90 C for 18 to 24 hr and weighed. The mycelia and filter papers were then dried under the same conditions and the differences in weight were determined. ROMANO 1.0 For a number of microorganisms it has been demonstrated that aspartic acid and glutamic acid arise from the respective a-keto acids which are formed by operation of the Krebs cycle (this work has been reviewed critically by Ehrensviird, 1955) . The reverse reaction, the formation of Krebs cycle intermediates from these amino acids, has also been amply demonstrated in many organisms. The possibility was considered that S. fradiae was in some manner unable to convert aspartic acid (when supplied alone) into oxalacetic acid, thereby lacking any energy-yielding mechanism through which this amino acid could be metabolized. This possibility was tested by adding various intermediates of the Krebs cycle to culture media to form nutrient pairs with aspartic acid.
As seen in (table 2) would appear to exclude the presence of aspartase, an enzyme which has been shown by Virtanen and Tarnanen (1932) to catalyze the following reaction: aspartic acid :. fumaric acid + ammonia. This enzyme system is the only firmly established mechanism for the deamination of aspartic acid (exclusive of transamination).
The utilization of glutamate as an energy source would presumably take place through the agency of glutamic dehydrogenase, which catalyzes the oxidative deamination of glutamate. This enzyme has been found by other workers to be widely distributed in animal, plant, and microbial cells. Further oxidation of a-ketoglutarate would occur via the tricarboxylic acid cycle.
The presence of glutamic dehydrogenase in Streptomyces fradiae is indicated by experiments with cell free extracts, as shown in figure 1. It is seen that there is a rapid reduction of 2,3,5-triphenyltetrazolium chloride (TTC) in the presence of the enzyme preparation, coenzyme I (DPN), and sodium glutamate. This enzyme system in Streptomyces fradiae appears to operate with coenzyme I; a marked lag in TTC reduction in presence of coenzyme II (TPN) is seen in figure 1 . The onset of activity after the lag may be due to an enzymatic conversion of coenzyme II to coenzyme I by a mechanism similar to that found in yeasts, and first described by von Euler and co-workers in 1937. It is also seen in figure 1 that there was no dehydrogenase activity in the presence of aspartate, cell free extract, and coenzyme I or coenzyme II. This confirms the Work (1955) and by Roberts and co-workers (1955) that the metabolism of this amino acid appears to be different in various organisms.
These amino acids are probably utilized by S. fradiae as sources of energy through the agency of the tricarboxylic cycle. The extensive operation of this cycle in Streptomyces has been demonstrated by Cochrane and Peck (1953) figure 3 .
SUMMARY
A number of amino acids will support the growth of Streptomyces fradiae as sole sources of carbon and nitrogen. These are alanine, histidine, lysine, glutamic acid, proline, and arginine. Aspartic acid, threonine, leucine, isoleucine, and methionine will not support growth.
The amino acids that support growth include those of the glutamic acid series (glutamic acid, proline, and arginine); those that do not support growth include the aspartic acid series.
A coenzyme I-linked glutamic dehydrogenase has been indicated in a cell free extract of S. fradiae; presumably, this is the mechanism by which members of the glutamic acid series are utilized via the tricarboxylic acid cycle. We have been unable to demonstrate the existence of an enzyme system in S. fradiae by which aspartic acid can be directly deaminated when supplied alone; hence, for members of this series there is no direct entrance into the TCA cycle.
